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THE RISE AND FALL OF THE PREHISTORIC 
R POPULATION OF NORTHERN ARIZONA’ 


phs, 

By Dr. HAROLD S. COLTON 
P p DIRECTOR OF THE MUSEUM OF NORTHERN ARIZONA, FLAGSTAFF 
ies, 


F In the Southwest more people take an interest in historic people is speculative, but the foundation rests 
“ @ ‘te early inhabitants of the country than in any other on fairly solid rock. The age of the earth or the 
Dy, ME Portion of the United States. This is easy to under- origin of mankind—subjects that are perfectly ortho- 
ib- MM stand because the evidence of these people exists on dox to diseuss—rest on foundations which, in compari- 
every hand. Even though we deplore the practice, son, are laid on sand. 
4, @® “any of the present population pot-hunt more or less My problem was suggested to me several years ago 
and speculate on the pots and the makers of the pots. by Dr. Ellsworth Huntington, of Yale. He suggested 
d ( **cheologists tackle the same problems with refined that a study be made of the prehistoric populations of 
‘echnical methods. They too speculate, filling in the the Near East, the Peruvian plateau and the South- 
. sips that exist in the data and let their imaginations west, with a view to a possible correlation with cli- 
d loose to complete the story. matie conditions. He hoped that I would make the 
: In this paper I am going to speculate on the people study of the Southwest. The facts on which such a 
of northern Arizona. The rise and fall of the pre- study might be based seemed so nebulous that I did 
* Address of the retiring president of the Southwestern 0t take it seriously. But I thought about it and 


vision of the American Association for the Advance- after a while I decided that even if I did not have 


lent of Seience, delivered at the sixteenth annual meet- figures for an accurate census, still I might make an 


ng of the Southwestern Division, held at Flagstaff ; 
Arizona, from April 27 to 30, 1936. : . > approximation of the truth. Therefore, I now with 
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due humility present to you the preliminary result of 
the study. Even when more material becomes avail- 
able, I feel that few of the conclusions will be altered 
vitally, although the absolute values of the figures I 
am about to present may be somewhat changed. 

The merest novice in the Southwest can see that the 
country once supported a great aboriginal population. 
Ruins everywhere testify to this conclusion. But when 
the white man came, except for a few small areas, the 
country was uninhabited. To the east of the Rio 
Grande ranged the Apaches, who had not yet crossed 
the river. Up the Chama River, northeast of Santa 
Fe, the elemental Navajos tended their fields of corn. 
The Yavapai, Walapai, Maricopas and other Yuman 
tribes roamed the area between the Colorado, the 
Verde, the Little Colorado and the Salt. In the report 
of Spanish travelers no mention is made of meeting 
nomads in the area between the Rio Grande and the 
Little Colorado. They only mention the few remain- 
ing Pueblos—Hopi, Zuni, Acomas and Rio Grande. 
That there had been a decline in population no one 
can doubt. 

Explanations have been given for this decline of 
prehistoric pueblo population. Archeologists have 
almost invariably believed that the pueblos diminished 
because of the inroads of nomads, such as Navajos, 
Apaches, ete. Others, particularly those working on 
tree rings, believed that droughts causing migrations 
were responsible. Physiologists point out that an 
increasing population would destroy the game so that 
the people would be reduced to a corn diet lacking 
in necessary vitamins. This would, of necessity, lead 
to deficiency diseases. Indeed as many different 
reasons have been given for the decline of pueblo 
populations as the decline of classic Greek civiliza- 
tion. I do not think any one has tried to see just 
what did happen. 

Certainly there must have been nomads hovering 
on the borders of the pueblo area; Luxan? in 1582 
mentions them, but there is no documentary evidence 
that the Navajos or Apaches were much of a threat 
to the pueblos before they received horses. Indeed, 
it is not demonstrated that Apaches and Navajos were 
in Arizona before 1600. The nomads mentioned were 
more probably Yavapai or Paiutes. Besides, we have 
no evidence that nomadie hunters without horses or 
other beasts of burden in a semi-arid region seriously 
troubled a dense sedentary population. It was only 
when the population was thin that their inroads 
counted. 

Haury* has shown us that droughts were sometimes 
so bad that there were considerable migrations of 
peoples, and there is no doubt that persons in early 


2 Diego Luxan, Quivira Society, p. 96, 1929. 
3 E. W. Haury, Medallion Papers, xiv, p. 151, 1934. 
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days were subject to deficiency diseases. Droughts no 
doubt lead to starvation, disease, migration anq to 
wars, but droughts were probably on the long ry not 
much worse in the years after 1100 than in the eight 
hundred years that preceded. The tree ring specialiy 
can see no real difference in rainfall. As you will gee 
later, the big decline in population began long befor. 
the twenty-three-year drought, the great drought tha 
ended in 1300, which certainly was a major catasty. 
phe in pueblo history. 

Any one who is familiar with the diet of the Hopi 
would realize that the pueblo people make use of many 
wild plants. They have many kinds of “spina¢,’ 
which they gather locally or cultivate in a small way. 
They also spreut beans in their kivas in the winter 
time. Even without the insides of animals they would 
have a considerable variety of vitamins. So lack of 
vitamins from animal sources would hardly be ; 
serious factor in eausing deficiency diseases. By 


there is a neglected factor leading to a population J 


decrease which seems very much stronger than any 
of these. This factor might be summed wp in the 
words “bad sanitation.” I will diseuss this in its 
proper place. 

Let us see how an archeological survey throws light 
on the problem. The Museum of Northern Arizona 
has continued a survey of prehistoric sites begun by 
the speaker in 1916. We now have over 3,300 sites 
recorded in our files. To simplify the study we wil 
not consider the whole of northern Arizona, but will 
select an area bounded on the north by Utah, on the 
west by the Colorado River and the San Francisco 
Mountains, on the south by the Little Colorado and the 
Puerco and on the east by the Chinle. Over most oi 
the area the sites are but a random sample of the 
sites present. In three areas we have a fairly con- 
plete census of sites. Those best studied are: (1) 
the area between the San Francisco Mountains and 
the Little Colorado River, east and northeast of Flag- 
staff, and ineluding the drainages of Deadmans Was, 
Walnut Creek, and Padre Canyon, (2) the Dogoszhi 
Biko, a tributary canyon in the Tsegi, northwest of 
Kayenta, and (3) the region surrounding the Hop! 
Mesas. 

Stratigraphic studies have shown that certain pot 
tery types were made in a chronological order. (t! 
of the hundred types recognized in this area I wi! 
mention but one series of types, but types which bear 
styles of decoration which are found over most 
northern Arizona. They run from the oldest, ealled 
Lino Black-on-white to Kana-a Black-on-white, ™ 
Deadmans Black-on-white, to Flagstaff Black-or 
white, to Kayenta Black-on-white, to Jeddito Black- 
on-yellow, the most recent one considered. 

Now we must call in the Dendroehronologist. ‘!* 
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ree ring expert. He has approximately dated these 
pottery types by studies of the annual rings found on 
‘ie charcoal and timber associated in the ruins on 
«hich they were gathered. (See Table I.) 
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TABLE I 

Black-On-gray 600 A.D 
Kana-a Black-on-white ..........+. 800 A.D 
Deadmans Black-on-white ......... 1000 A.D 
Flagstaff Black-on-white .......... 1125 a.p 
Kayenta Black-on-white ........... 1250 A.D 
Jeddito Black-on-yellow .........+++ 1450 A.D. 


As we use indicators in the form of fossils to cor- 
relate different strata in geology, so in this study we 
will let the styles of decoration on these pottery types 
grve as time indicators in the life of the people who 
made them. 

It is important to note that styles of decoration 
common to these types were very popular. Styles of 
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widely traded and the styles of decoration frequently 
copied, it is possible to approximately date every pre- 
historie ruin in northern Arizona by the broken pot- 
tery picked up on the surface of the ground. There- 
fore, in our archeological survey, when we record a 
site the pottery fragments will furnish an approxi- 
mate date. 

As I stated above, three areas in northern Arizona 
have been fairly carefully studied and other areas 
sampled. The results are summed up in the following 
table. 


TABLE II 


Tue Best STUDIED AREAS AND THE NUMBER OF SITES FOR 
EacH PERIOD 


600 800 1000 1125 1275 1400 1900 

A.D. A.D. A.D. A.D. A.D. A.D. A.D. 
Dogoszhi Biko. 1 29 22 9 + 0 0 
Deadmans .... 5 24 228 103 1 


0 0 
Hoph ..cccsee 9 25 29 11 10 10 10 


| 
EFFECTS OF NEW WAYS OF LIVING 
ON THE POPULATION OF NORTHERN |ARIZONA 
Y PUEBLO | 
BEGAN 1050 =SATURATION POINT 
PRESENT ABORIGINAL 
< POPULATION INCLUDING 
\ 
mano INDIAN BUREAU 
BECOMES NEARLY 
600 1000 1200 1400 1600 1800 
Fig. 1. 


pottery in the Southwest in prehistoric times were 
very like those of women’s clothing at the present 
tme. When a style is evolved in Paris, in two months 
it has reached Hollywood, and it will be seen in every 
town from Hackensack to Kalamazoo. In another 
uonth the girls of Tokyo will adopt it. It was the 
same with pottery styles. From some center, a woman 
treated an attraetive design on her pottery. This was 
copied by others, and soon this design spread all over 
northern Arizona. Like modern women, the old girls 
of Wupatki, a pueblo ruin near Flagstaff, copied the 
styles of design from Chaco Canyon, New Mexico, or 
from Kayenta, Arizona, putting. them on their own 
loeal pottery, They adopted the styles of decoration 
and form, but did not adopt the methods of technique, 
which include paste, temper, preparation of paint or 
‘ving methods. As attractive pottery types were 


The above data do not give a true picture of the 
population question because they do not give the num- 
ber of people, but the number of sites. We must 
translate sites into persons. To do this we must first 
know something about the methods of life of the 
people, and the archeologist has supplied this. 

Up to about 1100 in northern Arizona, single 
families lived in earth lodges which were usually pit- 
houses. That is, the floor was below the level of the 
ground. The material out of which the sides of these 
structures were made depended on the region. - Where 
timber was plentiful and stone poor, timber was used 
for the retaining wall, as in the San Francisco Moun- 
tains. In other places, the people laid up walls of 
masonry, sometimes good and sometimes poor. The 
roof of the structure was composed of timbers covered 
with brush and earth. 
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After 1100 the people changed their habits and 
constructed masonry structures with flat roofs in which 
several families dwelt in closely contiguous rooms. It 
marked a change from rural conditions to urban—a 
change from a famiiy or a small group of families 
living in detached one-roomed houses placed near their 
farm plot, to a condition of many families living in 
multi-storied apartment houses and walking some dis- 
tance to reach their fields. I want to stress the fact 
that the change occurred in northern Arizona about 
1100 a.v. The statement may not apply to the area 
east of the Chinle Valley and certainly does not apply 
at all to New Mexico or Colorado. 

So far we are on pretty firm ground, but now our 
toes will begin to leave the concrete, for we will have 
to make assumptions, and assumptions are dangerous. 
The assumptions that we must make are as follows: 
We must determine (1) the number of rooms per site, 
(2) the number of families per room, and (3) the 
number of persons in a family. 

In the pithouse period we find in the San Francisco 
Mountains area about two houses per site or two 
dwelling rooms per site. West of the Little Colorado 
the groups seem larger, so we assume four houses 
per site. In the pueblo period we can often count 
the rooms or, if we can not count the rooms, at least 
we can measure the area of the site and divide by the 
area of one room (180 square feet). Of course, the 
actual number can only be determined by complete 
excavation of the site. 7 

In no area have we recorded all the sites, so that 
the number of rooms are under-estimates, rather than 
over-estimates. On the other hand, pithouse sites are 
harder to locate than are the pueblo sites. The former 
are seldom visible from a distance, so one has to be 
on the site to recognize it. 

On the other hand, mounds or piles of conspicuous 
rocks mark the pueblo site and can be seen from a 
greater distance. Therefore, we record relatively 
more pueblo sites than pithouse sites. This difference 
will be balanced by the probable shorter occupation 
of the pithouse site. Although we have one pithouse 
dated by the tree ring method that indicates an oceu- 
pation of over one hundred years, most of them indi- 
eate a much shorter occupancy. 

The number of families to a room in the pithouse 
period we assume to be one. In the latter part of the 
pithouse period we find brush or masonry granaries 
of one to four very small rooms associated with the 
pithouses. As they were not dwelling rooms, we do 
not count these in our estimates. 

In the pueblo period we assume two ground-floor 
rooms for each family. This factor was derived by 
counting the ground-floor rooms in the Hopi pueblo 
plans made in 1881-1882 by Mendeleeff and comparing 
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them with 1890 Hopi census for each village. In jy 
the Hopis were living much as they lived jp pre 
historic times, and the 1890 census was one of j, 
best. The count gives 1,088 ground-floor rooms ¢¢y, 
pied by 1,996 Hopis, or two persons per ground-foy, 
room. As most pueblos are multi-storied this Jeay, 
plenty of space for store-rooms. 

If a race is more than holding its own, the numb 
of persons in a family should be about five perso; 
Sauer,* in his study of Azatlan, places the number 
six persons per family. Brainard® shows that amor 
the Hopi, a tribe little more than holding its oy, 
the family is 4.17. From 1890 to 1930 the Hopis 
increased from 1,996 to 2,475, or about 12 person; 
per year. I assume that the one family of six perso, 
occupied each pithouse and that two persons, on th 
average, occupied each ground-floor room in a pueblo, 

In the three areas under discussion we find the dis. 
tribution in time, of the population, illustrated jy 
Table ITT. 


TABLE III 
PERSONS PER PERIOD 


600 800 1000 1125 1275 1400 190 


Dogoszhi Biko. 24 756 528 150 8 948 0 0 
Deadman-Wal- 

nut-Padre .. 60 342 4,178 1,898 840 0 0 
Hopi (exclusive 

of Jeddito) . 216 360 720 990 960 3,500 2,000 


We can see that in general the population increased, 
and then in two areas decreased to zero. 

When making an archeological survey, one s001 
discovers that sites are much denser in some areas 
than in others. An area of about 500 square miles 
northeast of Flagstaff has been about equally wel 
explored all over. In some sections there are ove 
fifty sites and in others we have searched for hour 
and never found a site. 

Using the experience of this well-studied area ani 
the two other well-studied areas, it is possible to divide 
all northern Arizona into areas of different population 
densities. By this means we have plotted on the map 
the population according to the estimated number of 
persons per square mile for each of the periods 0 
time that we have considered. By cutting up the map 
and weighing the fragments it was possible to find out 
the number of square miles in each area. Kunowilf 
the area of each section and the density per square 
mile, it is possible to easily compute the population 
for each area and period. The sums of these popw!* 
tions are given in Table IV. 

We have by this means plotted the population ©! 


4 Car] Sauer, Ibero-Americano, 10: p. 2, 1935. ee 
5 Margaret Brainard, ‘‘Hopi Indian Family,’’ P. 20h. 
University of Chicago, Thesis, 1935. 
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the region north of the Santa Fe railroad and east 
of the San Francisco Mountains for each period from 
600 A.p. to the present time. The population rises 
from about 3,000 in 600 a.p. to about 23,000 in 1000 
ap. to fall to about 1900 in 1890. It has now risen 


to 2,800. 


TABLE IV 


It is interesting to note that if we add the number 
of Hopis in 1930 to the number of Navajos living 
in this area in 1930, the sum is about the same as the 
pithouse population in 1000 .p. 

That people migrated back and forth across north- 
ern Arizona is evident to the archeologist. The 
memories of these migrations comprise a large part 
of Hopi clan legends. We can see them depicted in 
petroglyphs. We are at this time interested not so 
much in the migrations themselves, but as to how 
much those migrations might influence our figures on 
population. This means that we must consider the 
migrations in some detail. . 

From about 600 A.D., a date when data become 
available for population studies, until about 1100 «.p., 
the population of northern Arizona in general was 
increasing rapidly. During this period one migra- 
tion only seems evident. Notice the great increase in 
the population of the Deadman, Walnut and Padre 
drainages, between 800 a.p. and 1000 a.p. This was 
caused by an event unique in American archeology. 

About 885 = 25 years a.D., a date recently estab- 
lished by Mr. J. C. MeGregor® by tree-ring studies, 
Sunset Crater, a voleano lying about fifteen miles 
northeast of Flagstaff, burst into activity and spread 
a layer of black voleanie sand over an area of about 
1,000 square miles, covering the houses of the ancient 
inhabitants. 

Pottery studies show us that between 950 and 1100 
people flocked into this area from all about, and a 
survey of sites indicates that for two centuries the 
Flagstaff area held one of the densest rural popula- 
tions in northern Arizona. Although some people 
seem to have come in from the west, the major migra- 
tions were from the north and from the southeast. 
These neweomers almost swamped the original settlers 
of the region. They brought in new ideas and metb- 
ods of making things. Some Hohokam families 
appear to have come from the far-away southern 
Arizona. The population of the San Francisco 


*John C, McGregor, American Antiquity, II: 1, 15, 
July, 1936, 
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Mountains area between 1100 and 1200 must have 
formed a very cosmopolitan group. 

This migration seems to have been caused by the 
black voleanie sand from the voleano forming a 
mulch, conserving the water and so making agriculture 
possible where it had never been before. Archeologi- 
eal surveys show that the prehistoric dry farmer could 
only farm where the soil was very sandy or light. 
Clay soils without a sand mulch were avoided, and 
those regions were almost uninhabited — the 
periods we have studied. 

All the other migrations took place in- the later 
pueblo periods and seem to have been due to a shrink- 
age of peoples. The second migration that we can 
distinguish seems to have occurred near the Utah 
border about 1250 a.p. This resulted in a partial 
abandonment of much of the Rainbow Plateau and a 
centralization of people in the canyons when Betatakin 
and Keet Zeel and other pueblos reached their height. 
By 1400 the country was abandoned. This introduces 
our third series of migrations. You will note from 
Table III that all the people left this region between 
1275 and 1400, but people still continued to live forty 
miles south of Flagstaff at the Kinnikinick, Grapevine 
and Chavez Pass pueblos and in the Verde Valley. 
At the same time you can see the great increase in 
population in the Hopi between 1275 and 1400, an 
increase of over four fold. This is due to the migra- 
tion just before 1300, when the country north, east 
and west of the Hopi country was abandoned by the 
puebloans. The Hopis must have received the sur- 
vivors of dozens of pueblos. 

This third series of migrations was due directly to 
the great drought of the late twelve hundreds. Haury’ 
has shown that many pueblo people of White Moun- 
tain area at this time went south and invaded the 
domain of the Hohokam in southern Arizona. The 
peoples of the Tsegi, the Rainbow Plateau and Black 
Mesa abandoned their great pueblos and seem to have 
joined the Hopi, swelling Oraibi, Shungopavi, Mish- 
ongnovi, Chuckovi, Hoyapi and Walpi. The Jeddito 
pueblos were swelled by accretion, perhaps from the 
Chinle Valley, Rio Pueblo Colorado and Puereo drain- 
ages, so that from Kokopnyama to Awatovi, five great 
towns flourished with a total population of over 3,000. 

At this time the San Francisco Mountains area was 
ubandoned, the few remaining people moving probably 
to the region of Chavez Pass, the Verde Valley or to 
Winslow. The Wide Ruin area was abandoned, the 
people moving either to the Hopi Buttes, the Jeddito 
or the Petrified Forest. 

By 1400 the only settlements north of the Tonto 
Rim were on the Hopi Mesas, in the Jeddito, in the 
Hopi Buttes, in the Petrified Forest, in the White 


7 Op. cit. 
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Mountains, in the Verde Valley, besides those on the 
Little Colorado near Winslow and in Chavez Pass. 
These were great towns, many of which must have 
had hundreds of persons each. It was a period in 
northern Arizona of an artistic revival. It was then 
that finest textiles and the best pottery was made. 
Except on the outskirts it was not a period of deca- 
dence, as Kidder and others maintain. 

But the shrinkage of the population continued. 
After 1400 and before 1540 another big migration 
occurred, marked by the abandonment of the Verde 
Valley, Chavez Pass, Winslow pueblos and the proba- 
ble absorption of the remnants by the Hopi. 

Hopi tradition still remembers this migration, for 
they tell how the people of Homolovi, by the Little 
Colorado near Winslow, were driven out by the mos- 
quitoes and when they arrived at Shungopovi the 
people stood on the house tops and said, “Here come 
the ‘Mosquitoes.’” They finally settled at Shipaulovi, 
and Shipaulovi, meaning the place of the mosquitoes, 
commemorates that migration of the 1400's. 

The White Mountain peoples with those from the 
Petrified Forest seem to have been absorbed by the 
Zuni and their survivors were seen by Coronado in the 
Seven Cities of Cibola. 

So in 1540 there were in Arizona only five Hopi 
pueblos—Oraibi, Shungopavi, Mishongnovi, Sikyatki 
and Walpi—and two Jeddito pueblos—Kiwaikihu and 
Awatovi—all that remained of a once great popula- 
tion. 

In our population studies the only factors of migra- 
tion that might affect the area under question are in- 
erements to the San Francisco Mountains area re- 
ceived between 900 and 1050 from the west, south and 
southeast, and the increments received by the Hopi 
about 1450 from the south. The area might have lost 
a small number in 1450 by some of the Moqui Butte 
people moving to the Petrified Forest and to Zuni. 
As far as our observations lead us all other migra- 
tions were within the area and so would not affect our 
totals. Migration will, therefore, not account for the 
general populations decrease. Although the largest 
migrations were in the periods of the greatest general 
loss of population, yet the same loss can be demon- 
strated to have occurred over the whole Southwest. If 
there was no great mortality, where did those people 
go? | 

We must now study the lives of certain modern 
Indians who live in the area that we have been con- 
sidering and whose manner of living is most similar 
to the prehistoric people. I select the Navajos and 
the Hopi. 

The Navajo Indians, for example, are now living in 
the same area under much the same conditions as the 
pithouse people lived before 1100 a.p. and so will 
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furnish us with contemporary material to study thy 
conditions of life of the pithouse dwellers. The main 
difference that we can observe is that the Navajog ay, 
pastoral and the pithouse people agricultural, but j) 
certain fundamental conditions of life they are th 
same. The Navajos dwell in earth lodges calle 
“hogans.” These hogans are widely spaced. It js 
rare that one finds four close together. Sometimes 
two may be within a hundred feet of one anothey. 
It is customary for one family to oceupy such ay 
earth lodge. I have no figures as to the average size 
of the family. They move frequently. Their water 
supply is usually distant from their living quarters, 
Although the human excreta are deposited not fay 
from the hogan, as there is no density of population 
and the climate is semi-arid it does not amount to a 
menace to health. 

Like the pithouse dwellers of yore, the Navajos are 
increasing rapidly. Since 1868, when they were 1e- 
placed on the Reservation after their forced sojoun 
at Bosque Redondo, they have increased, it is said, 
from 8,000 to nearly 48,000. I think the 8,000 figure 
is far too low a value, as information exists that Kit 
Carson did not capture more than half of the tribe 
and the rest scattered onto the Rainbow Plateau, 
Black Mesa and into the Little Colorado Valley. We 
will consider 16,000 as a much more likely figure. 
Even then the increase is phenomenal, for in sixty 
years they have increased three fold, or on an average 
of about 3 per cent. per year. When the population 
of the United States was largely rural, in the 1820's 
and 1830 and immigration was at a low ebb, the 
annual increase was a little over 3 per cent. In the 
four hundred years from 600 a.p. to 1000 a.D., the pit- 
house people increased at the rate of from 1 to 2 per 
cent. per year. (First 200 years at 1 per cent. and 
second 200 years at 1.7 per cent. per year. Llopis 
are increasing about 0.5 per cent. per year, that 1s, 
since the Indian Bureau has been concerned about 
them.) 

The pueblo family, on the other hand, lives 1 
crowded quarters. Families live close together, and 
the excreta are deposited in the narrow plazas, streets, 
middens and passages near the houses. Were it not 
for the arid climate, conditions would be impossible. 

Although the drinking water is usually procured 
from a spring at some distance from the village, yet 
in times of heavy rainfall, temporary pools form on 
the rocks close to the village which are filled by su" 
face run-off. This water is contaminated from ¢%- 
ereta. When one protests to a Hopi grandmother 
about giving an infant a drink from the pool in the 
street, she says that the water can’t be bad because 1! 
fell from the clouds and so was especially sent by the 
Heavenly God. This water is of ceremonial imp! 
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tance. The infant mortality of the Hopi children 
under two years of age after the summer rainy season 
is very great. I have no exact figures, for the Hopi 
agent and the Indian Bureau keep no vital statistics, 
but in 1934 nearly all the children under two years of 
age died of infantile dysentery at Shungopavi and 
also at First Mesa. (The agent blames the deaths on 
too much watermelon.) 

I want to stress this difference between the sanitary 
conditions of families that live in independent houses 
and the conditions under which people live in city 
“Jyms.” There is a good deal of evidence that the 
people of cities, up to very recently, did not reproduce 
themselves and were it not for immigrants from the 
country, cities would dwindle in population. If this 
applies to cities in so-ealled civilized countries, why 
would it not be more true of the Hopi, who is living 
under much the same conditions as the population of 
a European city lived two hundred years ago as pic- 
tured by Lowie.8 Indeed in 1890 the author visited 
the German cities along the Rhine. At that time 
sewage flowed in the streets, and they were more odor- 
iferous than any Hopi town. It is only by modern 
sewage disposal and sanitation that modern cities 
hold their own. In my youth the annual loss in 
Philadelphia of adults by typhoid and of children by 
infantile dysentery was terrific. I can remember the 
headlines in the papers when the annual September 
typhoid epidemie was reported. All statistics show 
that from the point of view of population increase, 
it is better to live in a farm house than in a city flat. 

Various ethnologists of the early days, including 
Sir John Lubbock,® have recorded the density of 
populations of primitive hunting tribes. If we select 
from these data tribes that were living under semi- 
arid conditions, such as in Patagonia and Australia, 
we find that 100 square miles will support by hunting 
from one to five persons. Hinsdale?® has shown that 
the game is dependent on the vegetation, and very 
fertile regions will support more vegetation, hence 
more game, hence more hunters. Using these data we 
can gain some idea of the population of northern 
Arizona before the days when agriculture was intro- 
duced. From an inspection of the curve of popula- 
tion increase from 600 A.D. to 1000 a.v. (Fig. 1) this 
event does not appear to have occurred in the very 
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dim past. Although the curve of growth might ap- 
pear to be in an almost straight line, yet from a study 
of fruit-flies raised in a closed environment, Pearl? 
has shown that such curves are really letter S’s. 
While the country is thinly inhabited the curve in- 
creases rapidly until the limit of available food sup- 
ply begins to be felt and then rounds off. Newly 
introduced factors will affect the curve, so in the ease 
of the pueblo population, when the change of housing 


methods occurred between 1050 and 1100, the curve 
was affected so that the curve began to fall. 

We can infer that before the introduction of agri- 
culture the population probably rose and fell as game 


was searce or abundant, forming a wavy line. This 
wavy line probably ranged from two to four persons 


per 100 square miles. When agriculture was intro- 
duced, the population began to increase. Sir Arthur 
Keith considers that agriculture would support a 
population in a very fertile country of as much as 
20,000 per 100 square miles, whereas in the same rich 
region without agriculture fifty persons might eke out 
a very miserable existence. I think, by the applica- 
tion of the formula of Pearl’s logistic curve?” it might 
be possible to determine the approximate time when 
agriculture was introduced into the Southwest. This 
is a tool that has not yet been used. - 

Our studies show us that the population of north- 
ern Arizona increased seven fold between 600 A.D. and 
1100 a.v. ; This was possible by the introduction of 
agriculture, together with the custom of families liv- 
ing in isolated houses. 

During the next eight hundred years, when urban 
communities: such as Wupatki grew up, the popula- 
tion decreased. This decrease was equal to the pre- 
vious gain. We do not have to postulate nomads, 
we do not have to postulate drought. The mere fact 
that people lived in crowded tenements under bad 
sanitary conditions, and so could not raise their chil- 
dren is a sufficient explanation to account for a loss 
of population. 

Until the Hopi adopt sanitary measures in keeping 
with the crowded conditions of city life, they will 
never compete in numbers with the wandering Nava- 
jos. This is a lesson taught by a study of northern 
Arizona’s prehistoric population. Without sanita- 
tion country life is better than city life. 


OBITUARY 


JUSTUS WATSON FOLSOM 
Dr. Justus Watson Fotsom, entomologist in the 
Division of Cotton Insect Investigations, Bureau of 


: R. H. Lowie, ‘‘ Are We Civilized?’’ p. 74, 1929. 
Pt, John Lubbock, ‘‘Prehistoric Times,’’ p. 585, 


10 W. B. Hinsdale, Occasional Papers from the Museum 
of Anthropology, University of Michigan: No. 2, p. 6. 


Entomology and Plant Quarantine, U. S. Department 
of Agriculture, died at the infirmary at Vicksburg, 
Miss., on September 24, after an illness of several 
weeks following heart attacks. 


11 Raymond Pearl, Proceedings Nat. Acad. Sci., Vol. 6, 
No. 6, p. 282, 1920; also Vol. 8, No. 7, p. 212, 1922. 
12 Pearl, op. cit. 
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Dr. Folsom was born at Cambridge, Mass., on Sep- 
tember 2, 1871. He received the degree of bachelor 
of science in 1895 and that of doctor of science in 
1899 from Harvard University. For one year (1899- 
1900) he was professor of natural science at Antioch 
College, Yellow Springs, Ohio. In 1900 he went to 
the University of Illinois as instructor in entomology. 
He was associate in entomology from 1906 to 1908 
and assistant professor from 1908 to 1923. He came 
to the Bureau of Entomology in 1925 as associate en- 
tomologist. During his entire service in this bureau 
he was located at the Tallulah, La., laboratory of the 
Division of Cotton Insect Investigations. 

Dr. Folsom was interested in many phases of ento- 
mology and his publications include papers on the 
anatomy, physiology, embryology and ecology of in- 
sects. He had an international reputation as an 
authority on Collembola and Thysanura and published 
numerous systematic papers on these groups. Much 
of his earlier economic work was with alfalfa insects. 
During recent years his economic studies have been 
devoted to cotton insects. His text-book, “Entomology 
with Special Reference to Its Ecological Aspects,” has 
been widely used during the past twenty-five years. 
The fourth revision, published in 1934, was revised by 
Professor R. A. Wardle, and appeared under the joint 
authorship of Folsom and Wardle. 

Dr. Folsom was a fellow of the American Associa- 
tion for the Advancement of Science and of the Ento- 
mological Society of America. He was president of 
the latter association during 1931. He was a member 
of the American Association of Economie Entomolo- 
gists, serving as vice-president during 1932, being the 
chairman of the Cotton States branch. He was also a 
member of the Ecological Society of America and of 
the Cambridge Entomological Club, serving as presi- 
dent of the latter organization in 1900. Many of the 
well-known entomologists of the United States were 


among his students at the University of Illinois. 
A. 8. H. 
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RECENT DEATHS 


Dr. Henry BenJaMin HeEpRIck, until his retiremoy; 
in 1932 chief ballistician at the Aberdeen Proving 
Grounds of the Army Ordnance Department, previ. 
ously astronomer at the U. S. Naval Observatory ang 
at Yale University and mathematician of the Depart. 
ment of Terrestrial Magnetism at the Carnegie Instity. 
tion of Washington, died on October 7 at the age of 
seventy-one years. 


JOHN EnGLisH McWuorter, assistant professor of 
surgery at the Columbia Medical School, died oy 
September 19 while at work in the laboratory of the 
Englewood, N. J., Hospital, of which he was consult. 
ing pathologist. He was sixty-one years old. 


THE sudden death is reported of M. Camille Sauya- 
geau, correspondent in the section of botany of the 
Paris Academy of Sciences. 


Miss CorNELIA CLARKE, nature photographer, died 
at Grinnell, Iowa, on September 29. 


A CORRESPONDENT writes: “Dr. Elba Emanuel Wat- 
son, an instructor at Michigan State College, died sud- 
denly on September 27 at the age of sixty-five years. 
He graduated from the University of Michigan and 
taught German for many years in a high school in 
Greater New York. He returned to the University of 
Michigan as a student in botany and received his M.S. 
in that subject in 1918 and was an assistant for a year. 
He was at the New York Botanical Garden for a year 
and an instructor at Rutgers College for a year. He 
entered the Graduate School of Michigan State Col- 
lege in 1922 and completed a monograph of the genus 
Helianthus as a Ph.D. thesis in 1926. Since that time 
he has been an instructor (in German) at that institu- 
tion although maintaining his interest in the genus 
Helianthus.” 


SCIENTIFIC EVENTS 


PLANT BREEDING EXPERIMENTS IN 
SWEDEN 


THE agricultural correspondent of the London Times 
gives an account of the celebration of the jubilee of 
the Svaléf Plant Breeding Station in Sweden. Many 
experts concerned with this branch of science from 
different countries visited Svaléf for the occasion. 
The Crown Prince of Sweden and the Prime Minister 
were among the guests, demonstrating the high value 
that Sweden sets on the work being done at Svalof. 

The correspondent writes: 


In the development of her commercial life Sweden has 


contrived to keep a healthy balance between urban it- 
dustry and farming. A productive and prosperous agti- 
culture is recognized as an asset of first importance to 
the nation. 

We know some of the Svaléf varieties in England, such 
as Victory and Star oats, Swedish Iron and Steel wheats, 
and Weibulls Standard wheat bred at Weibullsholm. 
There are other new varieties in the making at Svaléf 
which may prove useful on highly farmed land in Britain. 
In Skane, the southernmost province, where most of the 
wheat is grown, the level of farming is high, comparing 
well with East Anglia and the Lothians. 

When cross-breeding work on winter wheat was started 
the direct purpose was to combine the high yielding powe' 
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of the English Squarehead wheat with the winter hardi- 
ness of the old Swedish strains. Thanks to the varieties 
pred at Svaléf, giving an increased yield of as much as 
40 per cent., and a bigger acreage, Sweden is nowadays 


ing 
self-supporting in regard to wheat. 

\ small amount of hard wheat has still been imported 
ne by give strength for baking purposes, and the objective 
att. now is to encourage the growing of more hard wheat at 
tu. nome. A stiff straw that will stand up to generous 
of manuring and grain of good baking quality are the essen- 


ial considerations. It should be noted that the farmers 
of Skine use fertilizers freely to bring second class, as 
of well as naturally fertile, land to full production, and they 
realize well the advantages of clover leys in building up 


on 

the fertility. 

ult- With the method used in the Svakjf baking tests 100 
gr of flour from Squarehead wheat give on an average 
450-500 ecm bread, whereas the same amount of flour 

va- of the old Swedish wheats, which are poor croppers, 

he gives 600 cem. Combining the merits of the two, the new 


variety Steel gives an increased crop of 41 per cent. 
compared with the old Swedish wheats and a bread yield 

ed of 636 ecm. per 100 gr flour, which is quite satisfactory. 
This is the kind of achievement which makes the plant 
breeder’s work appreciated in Sweden. 


A BIOLOGICAL FILM 


Everert Ipris Evans, of the Physiological Labora- 
id tory of the Bureau of Dairy Industry, Washington, 
D. C., writes that numerous requests have been re- 
of ceived from teackers of biology and physiology for 
information concerning the film, “Ovulation, Fertili- 
zation, and Early Development of the Mammalian 
Egg,” which was released by the Department of Agri- 
culture in 1935. 

This is the same film that has been shown at the 
neetings of the Federation of the Societies for Ex- 
perimental Biology and Medicine, The American Asso- 
ciation of Anatomists and The American Association 
for the Advancement of Science, Rochester meeting. 

Briefly, this two-reel film is intended to portray 
some of the fundamental processes of the physiology 
of reproduction as they pertain to the mammal. The 
actual process of ovulation in the rabbit is demon- 
strated, using the living animal; there is considerable 
footage showing living spermatozoa, alone, and in 
; their attack upon living rabbit ova. The process of 

lertilization is shown by animated diagrams. 

Almost one full reel is devoted to showing of the 
, actual division of rabbit ova, by time lapse photogra- 
phy, from the one cell to the blastocyst stage, that is, 
the first four days of the early development of the 
tabbit. The film closes with a demonstration of the 
evelopment of the cow foetus. 
_ The film is available in either 16 mm or 35 mm size 
i the silent version. In the near future a sound 
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version will be released; it may be only in the 16 mm 
size. 

This film is available to high schools, colleges and 
universities and may be either purchased outright or 
obtained for loan from the Division of Motion Pic- 
tures, United States Department of Agriculture. Be- 
cause of the heavy demand, it is advised that those 
who may be interested in obtaining the loan of this 
picture for the next school year should apply as soon 
as possible to Raymond Evans, chief of the Division 
of Motion Pictures, U. 8S. Department of Agriculture, 
Washington, D. C. 


THE BOSTON MEETING OF THE ACADEMY 
OF PHYSICAL MEDICINE 


THE Academy of Physical Medicine will hold its 
annual meeting in Boston at the Hotel Statler on 
October 20, 21 and 22. The program contains sym- 
posia and reports on the newer studies and clinical 
developments in physical medicine presented by recog- 
nized authorities in the various fields of medicine and 
basic sciences. 

The meeting will open with reports of the standing 
committees and of special surveys by Dr. William F. 
Roberts, Minister of Health, St. John, N. B., Dr. 
Franklin P. Lowry, Newton, Mass., and Dr. William 
D. MeFee, Boston, followed by presentations on the 
physies and biology of physical medicine by Dr. E. 
Leon Chaffee, Gordon McKay professor of physies 
and communication engineering, Harvard University ; 
Dr. Byron Sprague Price, of New York, and Dr. 
Heinrich Brugsch, of Tufts College. At 12 o’clock, 
Dr. Frank Hammond Krusen, of the Mayo Clinie, 
Rochester, Minn., will give his presidential address 
on “The Present Status of Physical Medicine.” The 
afternoon session wiil open with an address by Dr. 
Winfred Overholser, commissioner of the Massachu- 
setts Department of Mental Diseases, and a paper by 
Dr. William Benham Snow, New York, followed by a 
symposium on fever therapy, in which Drs. Frank H. 
Krusen, Robert E. Peck, Clifton T. Perkins, Harry 
Solomon, Clarence A. Neymann and Hudson Hoag- 
land will participate. In the evening Dr. Stafford 
L. Warren, of the Strong Memorial Hospital, Roches- 
ter, N. Y., will give the Arthur H. Ring Foundation 
Lecture, entitled “Fundamental Principles Concerned 
in the Treatment of Gonoceoeus Infections by Arti- 
ficial Fever Therapy.” 

On the second day a symposium on physical edu- 
cation under the chairmanship of Dr. R. Tait Me- 
Kenzie, of the University of Pennsylvania, will in- 
clude: Harold T. Edwards, Harvard Fatigue Labora- 


tory; Dr. Josephine Rathbone, Teachers College, © 


Columbia University; Dean Ernst Hermann, Sargent 
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College, and Sir Robert Stanton Woods, London. 
Papers on orthopedic subjects will be presented by 
Drs. Frederie Jay Cotton and Gordon M. Morrison, 
of Boston, and by Dr. Fred H. Albee, of New York. 
Drs. Abraham Myerson, H. Houston Merritt and 
Isador Coriat will present subjects in neuro-psychi- 
atry. Dr. Rebekah Wright will discuss the technique 
of hydrotherapy. Clinical papers will be presented 
by Dr. Mary Arnold Snow, New York; Dr. Claude L. 
Payzant, Boston, and William J. Schatz, Allentown, 
Pa. 

On Thursday, October 22, the speakers in a sym- 
posium on dermatology, under the chairmanship of 
Dr. Francis P. McCarthy, will include Drs. Francis M. 
Thurmon, William J. Macdonald, William Boardman, 
Austin W. Cheever and C. Guy Lane, of Boston. The 
academy will be addressed by Dr. L. L. Campbell, pro- 
fessor of physics, Simmons College, on “The Radi- 
ation Energy of the Electromagnetic Spectrum.” A 
motion picture by Dr. A. Rollier, Leysin, Switzerland, 
“Heliotherapy and the Work Cure at the International 
Factory Clinie at Leysin,” will be shown. Papers on 
radiological subjects, on physical medicine in gyne- 
cology and in gastroenterology will be presented by 
Dr. J. Gershon-Cohen, Philadelphia; and by William 
D. MeFee, Charles W. McClure and Herman A. 
Osgood, Boston. A symposium on electrosurgery will 
be conducted by Dr. Benedict F. Boland. Drs. Lester 
R. Whitaker, Prodromos Papas and DeWitt G. Wil- 
cox, Boston, and William H. Schmidt, Philadelphia, 
will participate. 

An informal dinner at the Ring Sanatorium has 
been arranged for Tuesday evening, October 20. The 
annual banquet will take place on the following 
evening, at the Hotel Statler. 

Officers of the society are: President, Dr. Frank 
Hammond Krusen, of the Mayo Clinic, Rochester, 
Minn.; Chairman of the Executive Committee, Dr. 
William D. MeFee, Boston; Secretary-Treasurer, Dr. 
Franklin P. Lowry, Newton, Mass. 


ELECTROCHEMISTS AT NIAGARA FALLS 


THE birthplace of the American electrochemical in- 
dustry is Niagara Falls. Here are the large-scale 
plants for the production of alkali for soap, chlorine 
for bleaching, carborundum and alundum for abrasive 
wheels, earbide for acetylene, cyanamid for fertilizer, 
ferro alloys for special steels and many other products. 
The birth of the Electrochemical Society corresponds 
closely to the birth of the industry. On October 8, 9 
and 10 electrochemists from all over the world again 
convened at Niagara Falls. The Hotel General Brock, 
on the Canadian side, was the headquarters. Great are 
the advances that have taken place during the thirty- 
five years since the society first met at Niagara. Plants 
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have been expanded, new ones have been erected and 
above all, the hydroelectric power supply has beet 
vastly increased. 

The Thursday morning session was devoted 4 
“What the Electric Furnace Has Done for Civili, I 
tion” and experts in the field from the Westinghous 
Company, Shawinigan Chemicals, Ltd., the Aches 
Graphite Corporation, the Norton Company, the Ty), 
nessee Valley Authority, the Aluminum Company ¢ 
America and others discussed the basie importance of 
the many electrochemical products. Without the moj. 
ern abrasives, ferro alloys and electric steels, the ant. 
mobile industry would be non-existent. Aluminyy 
and magnesium are largely responsible for the wp. 
building of our dirplane and airship industry. The 
United States Navy has an airship, the ZMC-2, th 
“bag” of which is made entirely of aluminum in pla 
of organic fabric. During these thirty-five years many 
new products have been made electrochemically on q 
large scale that have been heretofore either non-t. 
istent or mere museum curiosities: silicon, a very «&- 
sential reducing agent; barium, the king of getters; 
beryllium which, when added to copper, makes it as 
hard and as strong as steel; phosphorus by the ton; 
carbide to acetylene, to aleohol and plastics; chromium 
into rustless and stainless steels, and many others. 

The electrochemical industry is one of the larges 
consumers of power and, on this account, the after. 
noon of October 8 was devoted to a diseussion of pres- 
ent-day power economics. A. J. Wager, well-know 
consulting engineer of Milwaukee, Wisconsin, pre- 
sided. L. W. W. Morrow, editor of The Electrical 
World, and H. A. Person, of the Federal Light and 
Traction Company, New York City, spoke on the ai- 
vantages of steam power, and R. J. Gaudy, engineer, 
of Chicago, and James W. Rickey, of the Aluminum 
Company, spoke on hydroelectric power for the alt- 
minum industry. Carl F. Floe called attention to the 
vast blocks of hydroelectric power soon to be avail: 
able in the Pacifie Northwest. America’s coal supply 
is good for many hundreds of years. Water powel, 
however, is very limited. 

Among the speakers to address the gathering wé 
Vice-president Willis R. Whitney, of the General Elee- 
trie Company, who emphasized the importance 
“more research.” Without research there is no indus 
trial progress. 

Among other topics discussed was that of corrosi0 
of iron and steel, and how to prevent porosity of zine 
coats and porosity of nickel coats on steel. Newco 
ers in the electroplating field are molybdenum and 
zirconium. W. P. Price and O. W. Browa, of Indian 
University, have discovered how to plate molybdenw! 
on copper and other metals, and W. E. Bradt an 
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_B. Linford, of the University of Washington, re- 
ported on zirconium plating. 

There were numerous social functions—a dinner- 
dance, plant visits and a reception to Dr. Duncan A. 
B\faclnnes, president of the society and a member of 
e Rockefeller Institute in New York City. 


fet) 

ch CORRESPONDENT 

oRESENTATION TO THE SMITHSONIAN 
any of INSTITUTION OF A BUST OF 

nee of LORD KELVIN 

e Mod. Tue presentation of a bronze bust of Lord Kelvin 


auto of Largs was made by the English-Speaking Union 

ninuy fof the British Empire to the Smithsonian Institution 

1¢ up. feat a luncheon given on October 8 at the Willard Hotel 
The Mein Washington. 

2, the The bust, a symbol of scientific and international 

good-will between England and America, was tendered 


J to the Smithsonian Institution on behalf of the Union 
7 “al by V. A. L. Mallet, reeently appointed counselor of 
on-ey. AE the British Embassy. The Honorable Alanson B. 
ry es. Houghton, formerly American Ambassador to the 
me FCourt of St. James, presided at the ceremony as 
it a9 ME president of the Washington branch of the American 
ton: organization of the Union. Dr. W. F. G. Swann, 
miuy (ae director of the Bartol Research Foundation of the 
:. Franklin Institute, deseribed the scientifie achieve- 
irges ments of Lord Kelvin, and Dr. Fred E. Wright, home 
after. ME sectetary of the National Academy of Sciences, pre- 
pres sented a formal citation bearing on Lord Kelvin’s 
now, cuievements. This citation was prepared by Dr. 
pre Arthur H. Compton, of the University of Chicago, 
trical Ma 2 by Dr. Henry Crew, of Northwestern University. 
and i Lie bronze is the first east from the English original 
- by Herbert Hampton, sculptor. Its departure for the 
al United States was signalized at a meeting of leading 
nun men in London on September 17. 

sia In his speech at the opening of the ceremony, Mr. 
- Houghton ealled attention to the common ideal of the 
vail English-speaking races and to the object of the En- 
ool glish-Speaking Union, to promote whatever may add 


toa better understanding among the English-speaking 
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peoples. Mr. Houghton introduced Dr. Wright, who 
presented the formal citation. It reads as follows: 


In Lord Kelvin, American men of science recognize 
not only the leading physicist of the English-speaking 
world during the second half of the nineteenth century, 
but also a frequent and inspiring visitor to their own 
shores. 

Through his measuring of dynamics and of everything 
that concerned the mechanical theory of heat, he dis- 
covered absolute scale of temperature and thus created 
the modern science of thermometry. 

His studies of the oscillatory discharge, his invention 
of the mirror galvanometer and siphon-recorder, and his 
mode of operation made possible the first successful sub- 
marine telegraph and incidentally created the science of 
electrical engineering. 

His profound researches in heat conduction and the 
tide have stimulated geologists and astronomers every- 
where. An inexhaustible energy, a remarkable clarity of 
exposition, and a lovable nature endeared him to all who 
ever knew him. 


Dr. W. F. G. Swann, chairman of the Advisory 
Research Committee of the Bartol Research Founda- 
tion of the Franklin Institute, as a member of the 
English-Speaking Union was then called upon to ex- 
press the American Union’s tribute to Lord Kelvin. 

V. A. L. Mallet, counselor of the British Embassy, 
speaking for the English-Speaking Union of the 
British Empire, made the formal presentation of the 
bust to Dr.’ Abbot, secretary of the institution. In 
accepting the bust, Dr. Abbot said: 


It gives me profound satisfaction to accept from Mr. 
Mallet and The English-Speaking Unions of the British 
Empire and the United States this fine bust representing 
so great a man. To thoughtful people who will visit the 
Smithsonian Institution, which is the foundation of a 
statesmanlike Englishman, James Smithson, this bust of 
Lord Kelvin will recall at once the varied, outstanding 
accomplishments of the greatest physicist of the nine- 
teenth century, including those inventions which made 
possible the Atlantic cable uniting America with the 
mother country. 


wii SCIENTIFIC NOTES AND NEWS 


Proressor HERMANN WEYL, of the Institute for 
ins Advanced Study at Princeton, has been elected a mem- 

~ B® ber of the Royal Academy of Sciences of Amsterdam. 
sion | Tue gold Georg-Neumayer Medal has been awarded 
-) ie Dr. Gerhard Sehott, professor of oceanography at 
on University of Hamburg. 


and Nature reports that Professor Carl Neuberg, of Ber- 
ana lin, director of the Kaiser Wilhelm Institute of Bio- 
um fm ‘Lemistry, has been elected a foreign member of the 
ind fe SWedish Aeademy of Sciences, and Professor Fried- 


rich K6rber, of Diisseldorf, director of the Kaiser 
Wilhelm Institute for Iron Research, has been elected 
a corresponding member of the Royal Swedish Acad- 
emy of Engineering Science. 


THE retirement of Dr. T. Wayland Vaughan from 
the directorship of the Seripps Institution of Ocean- 
ography of the University of California, was made 
the oeeasion of a farewell party to Dr. Vaughan and 
his family, given by members of the staff at the La 
Jolla Yacht Club on the evening of August 21. Dr. 
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William Emerson Ritter, first director of the institu- 
tion, made a short informal talk; other speakers on 
the occasion were Dr. F. B. Sumner and Dr. Roger 
Revelle. Dr. Vaughan was presented with an album 
of photographs that constitute a pictorial history of 
the Scripps Institution during the twelve years of his 
directorship. Dr. Vaughan’s successor is Dr. H. U. 
Sverdrup, formerly of Bergen, Norway. 


Proressor E. L. KENNAWwaAy, director of the Re- 
search Institute of the Royal Cancer Hospital, Lon- 
don, and Dr. J. W. Cook, research chemist at the in- 
stitute, have been awarded the prize offered by the 
International Cancer Union for scientific work on 
eancer. The award was made at the second Interna- 
tional Congress on Cancer, recently held in Brussels 
and was attended by representatives of 45 nations. 
There were representatives of 42 nations on the ad- 
judicating committee by whom the award was made. 
The prize is the gift of the Union Miniére du Haut 
Katanga, a Belgian company which produces a large 
proportion of the world’s radium and consists of 
50,000f. (Belgian) together with 50 milligrams of 
radium. It is the intention of Professor Kennaway 
and Dr. Cook to use the radium for research work 
at the Royal Cancer Hospital. 


At the final business session of the New York meet- 
ing of the American Academy of Ophthalmology and 
Otolaryngology Dr. Lee W. Dean, of St. Louis, as- 
sumed the presidency. The following were elected for 
the coming year: President, Dr. Harry 8. Gradle, 
Chicago; First vice-president, Dr. Bernard J. Samuels, 
New York; Second vice-president, Dr. Wilson John- 
son, Portland, Ore.; Third vice-president, Dr. Frank 
L. Ryerson, Detroit; Executive secretary and trea- 
surer, Dr. William P. Wherry, Omaha, Nebr. 


At the fourteenth biennial conclave of the Alpha 
Chi Sigma fraternity, held in Cincinnati, H. E. Wiede- 
mann, consulting chemist of St. Louis, retired as na- 
tional president. He was succeeded by Dr. V. W. 
Meloche, of the department of chemistry of the Uni- 
versity of Wisconsin. Wm. Higburg, sales and adver- 
tising manager of the Republic Creosoting Company, 
Indianapolis, became first vice-president, and Dr. 
Walter S. Ritchie, head of the department of chem- 
istry of Amherst College, second vice-president. John 
R. Kuebler, Indianapolis, was reappointed national 
secretary-treasurer and editor of The Hexagon. 


Dr. Henry Merritt WRIstToN, president of Law- 
rence College, was elected the eleventh president of 
Brown University at a meeting of the corporation on 
October 9. Dr. Clarence A. Barbour, who has been 
president since 1929 and who is in his seventieth year, 
was elected president emeritus. His resignation, which 
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was accepted “with deep regret,” will become effecting 
at the end of the first semester, when Dr. Wriston j 
expected to assume the presidency. 


Dr. L. C. Martin, head of the department of te, 
nical optics at the Imperial College of Science 4, 
Technology, London, is spending the year at the Ing, 
tute of Applied Optics at the University of Roches 
as exchange professor with Professor Rudolf Kings. 
lake, who spends the year in London. In addition jj 
the regular course in geometrical opties in the institute 
Dr. Martin is giving four series of publie lectures o 
stereoscopy, electron opties, microscopy and colo 
vision researches at the Imperial College. 


Dr. WitiiAm Dock, since 1926 a member of th 
department of medicine, has been appointed profess 
of pathology in the School of Medicine of Stanforj 
University. Associated with him will be Dr. David 4 
Wood, associate professor of pathology, and Dr 
James B. MeNaught and Alvin J. Cox, assistant pr. 
fessors of pathology. 


THE department of physiology at Ohio State Uni. 
versity has been reorganized and consists of the fol- 
lowing members: Professors Frank A. Hartmay, 
chairman, and R. J. Seymour; associate professors 
E. P. Durrant (emeritus) and Fred A. Hitchcock; 
assistant professors, Emil Bozler, R. R. Durant, J. K. 
W. Ferguson, Hans O. Haterius and George W. 
Thorn (on leave); instruetors, A. J. Derbyshire, Ells 
J. Robinson and Sam R. Tipton. 


In the department of mathematics of the University 
of Pennsylvania, Visiting Professor Hans Rademacher, 
formerly professor of mathematics at the University 
of Breslau, has been appointed to an assistant prv- 
fessorship, and Assistant Professors Dr. P. A. Cans 
and J. A. Shohat have been promoted to associate 
professorships. Dr. James A. Clarkson has been mate 
instructor. 


New appointments at the Michigan College of Mu- 
ing and Technology, at Houghton, include R. \. 
Dickey as head of the department of mineralogy and 
geology, and U. J. Noblet as head of the departmet! 
of forestry. R. B. Miller will assist Professor Noble! 
in organizing courses in botany and zoology. George 
Lyle, electrical engineering, Glen Wimmer, mechanic! 
engineering, and John Taras, chemistry, are new l- 
structors. 


AccorpinG to Nature, at the University of Cam 
bridge Dr. T. S. Hele has resigned his university le 
tureship in biochemistry; H. W. Hall, of St. John's 
College, W. A. Fell, of Sidney Sussex, and R. 5. 
Handley, of Gonville and Caius, their demonstrate” 
ships in anatomy, and T. C. Nicholas, of Trinity, b's 
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tureship in geology. Dr. M. Born, who held a 
fureship in mathematics, has taken up his work as 
fessor of natural philosophy at the University of 
finburgh. 
AnAMBOURG, professor of geology of the National 
titute of Agronomy of Paris, has been elected to 
chair of paleontology at the Paris Museum of Nat- 
History to sueceed Professor Marcellin Boule. 


Dr. Leonarp P. ScHuLT2, assistant professor of 
heries at the School of Fisheries of the University 
Washington, has been appointed assistant curator 
charge of the Division of Fishes in the United 
ates National Museum, at Washington, D. C., to 
eed Dr. George S. Myers, who has returned to 
anford University as associate professor of biology 
charge of the Natural History Museum. Dr. 
shultz will undertake his new work at the beginning 
the year 1937. 


Dr. CARROLL W. Dongs, mycologist at the Missouri 
tanieal Garden and professor of botany at the Uni- 
rsity of Missouri, has returned after a stay of four 
Souths in Puerto Rico, where he made collection of 
bout 4,000 specimens of lichens. 


BProressor JEAN Piccarp has taken up his work at 
e University of Minnesota for the fall quarter. He 
planning to undertake a stratosphere flight, prob- 
bly from California, some time in the winter or 


bring. 


Dr. Henry A. Curisti1aAn, Hersey professor of the 
eory and practice of physic at the Harvard Medical 
hool, will deliver the third Frank Billings Lecture 
the Thomas Lewis Gilmer Foundation of the In- 
itute of Medicine of Chicago at a joint meeting with 
e Chicago Society of Internal Medicine on Monday 
ening, October 26. His subject will be “Edema, 
lureties, Diuresis.” 


Dr. H. V. Witson, professor of biology at the 
uversity of North Carolina, delivered the Dohme 
‘ture in zoology at the Johns Hopkins University 
October 12. His subject was “Cell Behavior and 
tenogeny—Two Points of View in the Study of 
mbryology.” Preceding the lecture the department 
t zoology gave a luncheon in his honor, and in the 
bening a dinner was given by the graduate students 
zoology. 


Dr. Dinsmore Auer, director of the Griffith Obser- 
tory and Planetarium of Los Angeles, spoke before 
te chapter of the Society of the Sigma Xi of the 
uversity of California at Los Angeles on September 


on “Periodogram Analysis.” 


Tht Smith College Chapter of Sigma Xi held its 


tll meeting on the evening of October 7, at which 


me the officers for the coming year were installed. 


SCIENCE 349 


Dr. Johan Hjort, professor of marine biology in the 
University of Oslo, delivered an address on “The 
Biology of Whales.” 


Dr. Marston BoceErt, professor of organic 
chemistry at Columbia University, spoke at the dedi- 
cation on October 9 of the new chemistry building at 
Trinity College, Hartford, Conn. The title of his ad- 
dress was “The Research Chemist—Mankind’s Devoted 
and Indispensable Student.” Dr. Francis P. Garvan, 
president of the Chemical Foundation, spoke on 
“Chemistry and the Small College.” President Rem- 
sen B. Ogilby, of Trinity College, gave the address of 
welcome. 


Dr. WALTER SCHILLER, of the University of Vienna, 
and Dr. Reuben Kahn, director of laboratories, Univer- 
sity Hospital, Ann Arbor, Mich., were guests of the 
George Washington University School of Medicine on 
October 1. Dr. Schiller addressed the students and 
faculty on the “Morphology of Ovarian Tumors” and 
Dr. Kahn on “Immunity in Syphilis.” Dr. R. J. An- 
derson, professor of biochemistry at Yale University, 
will give a seminar on October 23 on “The Chemistry 
of the Acid-Fast Bacteria.” Dr. Richard P. Strong, 
of the department of tropical medicine of the Harvard 
Medical School, will give the Smith-Reed-Russell lee- 
ture on October 22. His lecture will be entitled “The 
Dysenteries.” 


THE Gastro-Intestinal Section of the Medical Clinic 
of the University of Pennsylvania Hospital has re- 
ceived a grant from the Committee on Scientific Re- 
search of the American Medical Association for the 
prosecution of investigations on the small intestine of 
man, particularly with reference to the chemical com- 
position of suceus entericus and the absorption of glu- 
cose. Dr. Charles P. Sheldon, instructor in obstetrics 
at the Albany Medical College, has been awarded a 
grant toward a study on respiration in pregnancy 
and labor. 


At the recent meeting of the Research Committee of 
the Virginia Academy of Science, grants in aid of re- 
search were made as follows: Dr. Forrest F. Cleveland 
and Dr. M. J. Murray, of Lynchburg College, $100 for 
a study of the relation of the Raman effect to structure 
in a series of organic molecules. Dr. W. B. Gurley 
and Dr. Grant Van Huysen, of the Medical College of 
Virginia, $50 for a study of the reaction of exposed 
dentine. Dr. J. G. Harrar, of the Virginia Polytechnic 
Institute, $75 for a biochemical study of certain nitro- 
gen-fixing bacteria. Dr. William M. Moir, of the 
University of Virginia, $50 for a study of the influ- 
ence of sex in the pharmacology of the barbiturates. 
Dr. Helen Peak, of Randolph-Macon Woman’s Col- 
lege, $75 for a study of the psychology of inhibition. 
Dr. Thomas W. Turner, of Hampton Institute, $50 for 
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a study of the germination of the seeds of the Seotch 
broom. Dr. John H. Yoe, of the University of Vir- 
ginia, $50 for his study of organic analytical reagents. 
The grant to Drs. Cleveland and Murray will be paid 


DISCUSSION 


THE PRINCIPLE OF “DIVERSIFICATION” 
IN THE WILDLIFE FIELD ' 

A BALANCED agricultural program must include some 
of the wild things as well as the traditional cultivated 
crops. Man, animals, plants, climate and soil are all 
bound together in a single great system of matter and 
energy. As Francis Thompson said: 


All things by immortal power 
Near and far, 

Hiddenly 

To each other linked are, 

That thou canst not stir a flower 
Without troubling of a star. 


Let us examine the situation a little more closely. 
We overgraze the watersheds of the plains country 
during the driest years. In the wettest years, as a 
direct result, disastrous floods occur on the lower parts 
of the rivers that drain these areas. In some parts of 
Europe there has been a great vogue for an even-aged 
stand of single species of trees. Results: elimination 
of brush, herbs and grasses, of beneficial insects and 
of hole-nesting birds, such as woodpeckers. Along 
with the decrease of friends of the forest has gone an 
inerease in harmful bark-borers and other pests as 
well as deterioration of the soil and decline of wildlife. 
Now the tendency is toward restoration, so far as pos- 
sible, of natural conditions as a practical proposition. 

Here is the way things operate with us at present: 

So-called “vermin” control sometimes eliminates too 
many of the flesh-eaters and fur-bearers, cutting down 
on the possible income from trapping on the farm and 
bringing new problems in rodent and insect control 
which the predators formerly helped to keep in line. 
The fur industry in the United States has declined 
from a gross total of $500,000,000 in 1929 to $150,- 
000,000 in 1934. Fur on the farm and elsewhere has 
meant a cash income to farm boys and other trappers 
of $50,000,000 to $65,000,000 a year. 

Rodent control often removes too many of the 
rodents, taking away the principal food of many. 
rapacious species, and forcing them to turn to game, 
insectivorous birds, poultry or live stock. 

Clean farming removes the brush and weeds along 
the fencerows and elsewhere, with the result that quail 
and other game and the fur-bearers find food and 
shelter much less favorable than would otherwise be 


by the American Association for the Advancemey, 
Science, being the amount allotted by that orga, 
tion to the Virginia Academy of Science for Tesean 
purposes. 


the case. Insectivorous birds are reduced, for lack q 
food and nesting cover, and the supposed benefg: 
results in insect control may be largely non-existey, 

A certain type of silviculture has taken oyt g 
hardwoods and alleged weed trees in the interes, 
releasing suppressed conifers. If a CCC camp ginj 
the water oaks, post oaks, red oaks, sweetgums, blag 
gums and hickories, the food for game is substantigl 
reduced, and there is a grave question whether 4 
elimination of these splendid trees, some of the han 
somest in the forest, is desirable, even if some of 
suppressed loblollies and shortleaf pines may } 
released. 

Maintaining as nearly as possible a natural balay 
on a piece of uncultivated land or on the borders 
cultivated land, for that matter, is the equivalent,; 
the field of wildlife and natural resources managema 
of diversified farming in agriculture. It is the extay 
sion of the principle of diversification to the whl 
field. 

In wildlife management, as in agriculture, the om 
crop method of administration is often easier, but i: 
highly artificialized procedure. It is putting all ond 
eggs in a single basket—too risky to be recommentd 
as a general practice. 

It is much better, say the wildlife specialists, 
maintain the land under as nearly as possible natin 
conditions. Let us paint the picture in bold outliv 
as it might appear in a Texas pine forest. 

We start with a normal stand of trees, mixed pil 
and hardwoods of various species or, at least, a mil 
ture along the margins. Plenty of brush, herbs at 
grass appear in and about the clearings. Some of th 
forest trees are over-mature and some are dead. Soni 
are “weed” trees. The population of song and inst 
tivorous birds is at a maximum, since nest sites a 
available and a variety of insects and food plants! 
at hand as a result of the variety of vegetation. 1! 
dead branches and standing snags afford abundat 
sites for the valuable birds that nest in holes, such! 
the woodpeckers, wrens, bluebirds, sparrow havi 
chickadees and owls, all of which work on insects @ 
rodents that at times may become over-abundal 
Game species are present in maximum abundat 
The deer have plenty of browse, found principally 
the borders of clearings, and an abundance of thie 
in which to escape their enemies. The quail fi! 
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‘Ment nty of legumes and grasses on which to feed. The 
"SQM pearers, the hawks and the owls feed on the 
"Sea nts, suakes, insects and birds, both game and non- 
ne species. The food of the rapacious species will 
y from time to time. If any prey becomes over- 
ndant, it will receive concentrated attention until 
numbers go. back to normal. 
The presence of rodents and snakes will tend to 
ert attention from the game. The burrowing spe- 
; of rodents, worms and insects tend to keep the soil 
excellent condition for plant growth. While ill- 
rated surpluses of game are subject to attack and 
Sin ination, the presence of adequate cover and food 
» blad.ctively guarantees the protection of game up to the 
intial it of the carrying capacity of the area. The 
her i kes, hawks, owls and fur-bearers set similar limits 
haw the rodent population, consuming only an ill-situ- 
‘Of. surplus, but tending to hold the animals very 
stinctly in bounds. 

We have the climate, soil and animal and plant 
pulation operating as a balanced enterprise, both 
logically and economically. Let us examine some 
the economie implieations of diversification, as 
tended to natural as well as cultivated crops. 
The trees, of various species, can be cut or used for 
mber or wood, on a sustained yield basis. 
The game can be taken in season—the luxuriance 
food and cover guarantees an abundance; the pres- 
ce of good eseape cover helps to avoid too extreme a 
rvest. 
The fur animals ean be trapped when their pelts 
¢ prime, providing a further source of income, a 
ch appreciated cash return to farm boys and trap- 
bs, 
Recreationally the area is a good deal more attrac- 
e than any “one species of tree” stand could pos- 
bly be. As a site for pienies, camps or outings, it 
appealing because of its variety of flowers, berries, 
ade, trees and game. 
Sonam fish are abundant in the streams, as there is ample 
instmesctation to regulate the flow of the water to keep it 
s ammmmect, 2nd plenty of inseets and plant life to serve as 
its ifmod and shelter for fishes. 

gm \ccelerated erosion is prevented because the pro- 
‘ting mantle of vegetation, from the ground cover 
, Is that adapted by nature to prevent over-rapid 
The soils, instead of being depleted, are conserved 
(enriched, not only by the variety of legumes, but 
the effects of burrowing rodents, insects, worms, 
fotozoa and baeteria. There is no problem of deple- 
m here, as the whole system is in balance. 
The waters, as above indicated, instead of running 
'N one great flood, are permitted to flow moderately 
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and steadily, accomplishing a maximum of good with 


‘a minimum of difficulty. 


Insect, rodent and predator problems are reduced— 
as the enemies of potential pests are all present in 
normal numbers. 

Note that among the essential items in maximum 
and diversified wildlife production are the weed trees, 
the miscellaneous brush, the over-mature trees, the 
standing dead snags, a variety of herbaceous plants, 
the rodents, the snakes, the insects, the hawks, owls, 
fur-bearers and predators. 

Eliminate any of these natural features and the 
production of beneficial wildlife may be impaired. 

There are exceptions to this ideal situation, of 
course. The practices recommended for diversified 
farming may not always work out. Occasionally an 
unusual combination of climatic and other conditions 
may result in abnormal numbers of rodents or insects 
or game, in spite of natural controls. Then man must 
take a hand, although nature, through quick infection 
of surplus populations with epizootic disease, concen- 
tration of enemies or otherwise, ultimately brings 
under control species that attain plague status. 

Man’s own unwarranted interference is by far the 
most difficult problem. Use of land and resources on 
a quick-erop-quick-profit basis, rather than on a basis 
of sustained yield, profoundly and inevitably alters 
the natural set-up. 

WALTER P. TAYLor 

BIOLOGICAL SURVEY 

U. 8S. DEPARTMENT OF AGRICULTURE 
CoLLEGE STATION, TEXAS 


PROTOPLASMIC SPECIFICITY 


PROTOPLASMIC specificity of form and of function 
is undoubtedly to be regarded as the resultant of the 
interaction of the various components which make up 
the protoplasmic system. In the egg-cell, the com- 
ponents by whose interaction specificity is expressed 
are usually named “nucleus” and “cytoplasm.” More 
exactly these components are four: nucleus, cyto- 
plasmie inelusions, ectoplasm and ground-substance. 

The important réle of the nucleus in maintaining 
morphological specificity is too well known to warrant 
discussion. Similarly, the evidence for specific chemi- 
cal structure of nucleo-proteins needs no rehearsal 
here. Of the cytoplasmic inclusions, the yolk of all 
eggs of marine animals known to me shows a high 
degree of specificity. Since my original notice that 
in eggs of Nereis and of Platynereis completely re- 
versible hydration reveals that the yolk-sphere is a 
lipin-protein structure,! I have learned that yolk of 
other eggs has this same make-up. This structure I 
find is revealed as specific by its mode of water intake 


1 Just, Anat. Record, 1925; Physiol. Zool., Vol. 1, 1928; 
Protoplasma, Bd. 10, 1930, p. 24, p. 33. 
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and output as well as by its staining reactions. Both 
in structure and in behavior the ectoplasm of animal 
eggs is a diagnostic of specificity. In addition, it is 
a diagnostic of the successive stages in the embryonic 
development of any animal egg. 

Evidence can be adduced to show that nucleus, eyto- 
plasmic inclusions and ectoplasm should be considered 
as derivatives of the ground-substance of the cell. 
During several years I have accumulated evidence 
which convinces me that in the ground-substance one 
can detect specificity. By methods inspired by Reich- 
ert and Brown’s? I have succeeded in demonstrating 
specificity in the ground-substance of eggs. A method 
of my own, which allows very rapid precipitation, 
likewise demonstrates specificity. Further, thanks to 
a suggestion given me by Dr. A. P. Mathews while I 
was a student of his, I have used dyes to show pro- 
gressive changes in the ground-substance during devel- 
opment. In this manner I have studied the actual 
time and place both of the loss of embryonic potency 
and of the building up of nuclear stuff out of the cyto- 
plasm. Finally, by methods of spectroscopy also I 
can show specificity in the ground-substance.* 

A detailed report giving methods will follow. It 
is also hoped that it will be possible to extend these 
investigations. 

E. E. Just 

HowAkD UNIVERSITY 


THE AUDIBILITY OF ESPERANTO 


THE article in the Supplement in Science for June 
12, on “The Audibility of Language,” contained cer- 
tain allusions to Esperanto (and to the problem of an 
international language which it essays to solve) which 
would appear to justify a few additional comments. 

The original creator of Esperanto, Dr. L. L. Zamen- 
hof, was not guided in his choice and treatment of 
material by any one single objective; since the ease 
of learning, ease of utterance, ease of auditory per- 
ception and adequacy for expressing a wide range of 
ideas had to be considered jointly, and each in proper 
proportion to the others. But in the matter of acoustic 
quality it is now interesting to note that Esperanto 
as actually created does appear to conform more 
closely than our English to those phonetic require- 
ments for audibility which were discussed in your pre- 
vious article. 

For example, you pointed out that words ending in 
‘ne’ were especially subject to misunderstanding dur- 
ing the Los Angeles tests. But no Esperanto word 


2 Publication No. 116, Carnegie Inst. Washington, 
1909. 

3 My first studies with the spectroscope on this problem 
were made as early as 1923. It gives me great pleasure 
to acknowledge my indebtedness to my colleague, Profes- 
sor Frank Coleman, department of physics, Howard Uni- 
versity, for his valuable aid. 
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can possibly end in “ng,” since that nasal sound j; , 
employed at all in Esperanto. 

You also noted that words ending in a yovwe| bay 
been found in general to be more readily undersi, 
than those ending in consonants. Actual coup, 
shown that on an average Esperanto page five cigi; 
of the words end in vowels, against only two eighty 
on an average page of English. Moreover, only 
Esperanto words (the prepositions “trans” , 
“post”) end in more than a single consonant. 

Of course, audibility does not depend on fina] ; 
lables alone. The consonantal combinations yi 
form the joints between the vowels have an importa 
influence on the sound effects. This opens up a yj 
and complicated field. From a member of the Eye 
anto Association comes a query whether the family, 
four “explosives” (the ch in “chairman,” the dy 
“badger,” the ts in “tse-tse,” and the dz in “Kedy' 
may not be among the highest of sound combinatiy 
in ear-catching power, because in each of thew 
breath-stoppage and a sibillant or buzzing dénoueng 
are welded into what is practically a single sound; 
explosive quality. This may be a good field for furti 
experimental research. At any rate, a recent cu 
in the first 2,000 syllables of the book of Ruth ing 
English Bible finds the sounds of this quartette ocuiii 
ring only 30 times in all. While in the first 2, 
syllables of Ruth in the Esperanto Bible these sow 
are employed 83 times. 

Esperantists often mention with satisfaction th 
on one oceasion when a broadeast by the late ku 
George V failed to be audible in Geneva because! 
unfavorable atmospheric conditions, the Espera 
translation of the address which immediately follow 
was understood clearly and was the sole source ot ti 
first reports in the Swiss newspapers. 

E. G. Donés, 
Chairman of Executive Committee, 


Esperanto Association of North Ameri 
WASHINGTON, D. C. 


THE PHILOSOPHY OF PHYSICS 


In his latest book, “The Phiiosophy of Physis 
Planck refers to the theory of relativity on five d 
ferent occasions without once mentioning Hinstel 
name. Planck’s quantum is referred to six times, ! 
Planck’s name appears each time. 

On page 35 there appears this statement: “E'® 
science, like every act and every religion, has grow?! 
on a national foundation. It was the misfortune! 
the German people that this was forgotten for ms! 
years.” 

I wonder. Just precisely what has happened ‘0 th 
Grand Old Man of Science in Germany? 
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POTABLE WATER FROM THE SEA 


Iv Dr. Whitney’s most interesting and stimulating 
ticle, “Accomplishments and Future of the Physical 
Keiences,”! he makes an allusion to Francis Bacon’s 
New Atlantis.” We quote Dr. Whitney in part: 
the accidentally discovered island, in his popular 
tory, made use of such unheard-of advantages as 
horseless carriages, sailless ships, submarines, human 
rings, ete. He apparently exhausted himself by his 
suggestions of desirable but undiscovered things. But 
no one can exceed his number even now. It is so 
dificult to think in terms remote from experience. 
There were over twenty widely different predictions 
and all but one have been realized. That one seems 
simple. It is a filter to take potable water from the 
‘amily @MMocean. That this has eluded research so long does 
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then ELECTRON MOTION IN A PLASMA 
_— Iv a plasma the principal force acting on the elec- 
sound my 
fart trons is the coulomb foree arising wherever the equal- 
ae ity of electron and positive ion density is disturbed. 
he This force has been considered by Tonks and Lang- 
TTS nuirt and made the basis of their theory of plasma 
OCC 
t 3 electron oscillations. However, there is also another 
a force, namely, that due to electron gas pressure 
— gradients, which may be of considerable importance. 
ae An equation for electron motion has been developed 
. Ki by the writer which is more general than previous 
ae ae in that this latter force is not neglected.2 The 
oa resulting expression for the one-dimensional case is 
a of th dt m m dx’ 


where § is electron displacement, n electron density, 
GE, Tis electron gas temperature and x the equilibrium 
electron position. This indicates that the gas is 
capable of executing free oscillations of a series of 
lrequencies given by 


kT ne’ 
2 
(2) 


The lower limit (ne2/am) corresponds to the Tonks- 
~ Langmuir value, while the other frequencies depend 
es, by upon the possible standing waves which may exist. 

| If T=0, or A = ©, the equation reduces to the Tonks- 
a Langmuir equation, which is to be expected, since in 
We" “ther case no pressure gradients would exist. If e=0 
7 (uncharged particles) we get the equation for sound 


Wave propagation, the electron gas behaving like a 
tormal uncharged gas, in which pressure is the only 
1Scrmnce, 84: 211. 


h Tonks and I. Langmuir, Phys. Rev., 33: 195, 1929. 
E. G. Linder, Phys. Rev., 49: 753, 1936. 
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not make it insoluble, but it indicates limits to deserib- 
ing the impossible.” 

It is interesting to note that even this last predic- 
tion—a filter to produce potable water from the sea— 
has been realized. An article by Adams and Holmes? 
describes filters of two types of synthetic resins which 
have the ability to take up positive and negative ions, 
respectively. Sea water filtered first through one and 
then the other can thus be reduced to a potable saline 
content. Manufacturing costs have limited the use of 
such filters to laboratory scale installations up to the 
present time or at least up to a few weeks ago. 


A. M. BusWELL, 


Chief, Illinois State Water Survey 
UNIVERSITY OF ILLINOIS 
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acting force. If d&/dt=0, the equation yields the 
Debye-Hiickel expression for the variation of poten- 
tial near a charged plane in a plasma under equilib- 
rium conditions. 

The above theory offers an explanation of the ob- 
served variation of oscillation frequency with electron 
gas temperature. From the above expression (2) for 
frequency it is evident that an increase in temperature 
causes an inérease in frequency. The value of i, the 
wave-length in the plasma, which must be chosen to 
give quantitative agreement, turns out to be of the 
correct order of magnitude. 

The Tonks and Langmuir theory predicted that 
harmonic disturbances would be propagated in the 
plasma with zero group velocity. However, if electron 
pressure be considered this is no longer true. The 
group velocity is found to be 


k 2 
m mp 


and the phase velocity, 


m mp’ 


where p is the frequency of the wave. These expres- 
sions are identical with the corresponding well-known 
ones for radio waves except that the quantity 
(kT /m)”* replaces the velocity of light e. 

Thus a high frequency electrical disturbance in a 
plasma produces two types of waves: first, a radio 
wave and second, an electronic wave, described by 
equation (1). The ratio of their velocities is 
: which is approximately the ratio of the 


2 Jour. Soc. Chem. Ind., 54: 1 T. 
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speed of light to the speed of sound in a gas at a tem- 
pe ature T and consisting of particles of mass m. 


E. G. LiInDER 
RCA MANUFACTURING COMPANY, 
CAMDEN, N. J. 


BRAIN POTENTIALS IN CHILDREN AND 
ADULTS 

Aw attempt has been made to compare the spon- 
taneous electrical activity of the brain in normal adult 
subjects with that in children from infancy to adult- 
hood. Using a standardized procedure, both in the 
placement of the electrodes and in the conduct of the 
experiments, brain potentials were recorded from 54 
adults (40 men and 14 women) ranging in age from 
18 to 64, and from more than 100 children of from 1 
month to 16 years of age. Significant differences in 
the frequency and pattern of the potential oscillations 
were observed, but the frequency variations of the 
so-called alpha waves in relation to age is the main 
purpose of this report. 

Records were obtained from over the occipital areas 
of the brain, while the subjects were relaxed and at 
rest in a dark and relatively sound-proof room, which 
was electrically shielded. The position of the elec- 
trodes was determined by actual measurement with 
respect to certain anatomical landmarks. A compari- 
son of these measurements with x-rays of the skulls 
which are available for all children and with the brain 
and x-rays of the skulls of child and adult cadavers 
has indicated that the electrodes were usually just 
posterior to the parieto-occipital fossa. 

_ Wide differences in frequency of the waves were 
observed between the records of children and adults. 
Table I gives the average and range of frequency for 


TABLE I 
No. of Average 
subjects Age frequency Range 
1 1 mo. 
2 2 mos 
7 3 “ 
1 3.8 3.5— 4.0 
2 aes 4.6 4.0— 5.0 
4 4.7 4.0— 5.5 
2 | aw 4.8 4.5— 5.0 
4.8 4.5— 5.0 
1 | ed 5.5 5.0— 6.0 
1 5.8 5.0— 6.5 
8 2 yr 6.3 5.0— 8.0 
3 + Bey 8.3 7.0— 9.5 
14 8.3 7.0-12.0 
5 Peg 8.1 6.5— 9.5 
10 8.8 7.5-10.0 
5 eed 9.0 7.0-11.0 
3 10.3 9.0—-12.5 
9.4 8.5—11.0 
4 11.2 9.0—14.0 
13 10.8 8.5-13.0 
10 an 10.9 8.5-13.0 
7 10.3 9.0—-11.0 
1 14 “ 10.5 9.5-11.0 
2 10.3 9.5-12.0 
54 adults 10.4 8.0-12.0 


1 Apparatus, procedure and additional results will be 
discussed in detail elsewhere. 
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each age group. The frequency of the large rhythni 
waves of the adult records ranged from 8 to 12 ber 
second as has generally been reported by others, wit, 
out significant age differences. The average {,, i 
quency for the men was 10.2 per second, whereas thy 
for the women was 11-per second. 

The records obtained from children of 1 ani» 
months of age showed occasional waves of the tag. 
nitude of alpha waves but of irregular size and shay, 
and never in rhythmic sequence. The records froy 
7 babies of 3 months of age were essentially simi 
and showed mainly gross and irregular variations ¢ 
potential, with often a complete absence of electric! 
activity except for the small oscillations (presumably i 
beta waves) at frequencies ranging from 25 to 40 pa i 
second. In a few of the records from 3 of the 3. 
months-old children there were occasional evidenc 
of waves of rhythmic character, that is, a series of 
3 or 4 waves in rhythmic sequence oceurring at ; 
frequency of 3 to 4 per second. It appears that this 
occasional rhythmic activity is the forerunner of tle 
clear and more persistent rhythms which have bee 
observed in the records of these same children whe 
examined at intervals of 1 to 3 months later. 

Table I shows the gradual inerease in the frequency 
of the waves with age from 4 months of age upwarl 
until the adult frequency level is reached at about 5 t 
10 years of age. From 10 to 12 years of age the fre. 
quency is higher than that of the adult average. 

These observations lead us to conclude that rhythm 
(alpha) waves first become manifest between the age 
of 3 and 6 months, and probably in most infants at or 
shortly after 3 months of age. In view of the fac 
that children begin to perceive objects and follow them 
across the visual field at about this same time, it ap- 
pears that the onset of the rhythmie waves may 'e 
associated with the development of functional activity 
in certain parts of the visual area from over whit 
our records were obtained. 

No satisfactory explanation has yet been found tot 
the beginning of the rhythmic waves around 3 monitli 
of age or for the increase in frequency of the waves 
with age in children, but the consistent and somewhil 
uniform upward trend of the frequeacy until the adult 
level is reached at 8 to 10 years of age suggests ! 


developmental process of some sort. Whether 


zation of projection fibers or some other growth prot 
ess is concerned can not be hazarded. The rise 
frequency in children from 10 to 12 years of age 104 
value above the average for the adult group app" 
to be significant and may be related to some of the 
many physiological changes which are believed ™ 
occur at this age. 
Donaup B. Linsey 
BrusH FOUNDATION AND 
WESTERN RESERVE UNIVERSITY 
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UCCESSFUL TRANSPLANTATION OF A LEG 
IN ALBINO RATS WITH REESTAB- 
LISHMENT OF MUSCULAR 
CONTROL! 

srocessFUL transplantation of legs has been acecom- 
Hished in some lower forms of animals such as the 
lamander, and in 1907 Carvel? succeeded in trans- 
janting a leg in a mammal, namely, the dog. He 
eported that the new leg healed normally, but no 
egeneration of nerves nor return of function of the 
muscles were reported. 

In the experiments reported here, successful trans- 
Jantation of entire legs was accomplished, and in 
,ddition, reestablishment of considerable muscular 
»ontrol of the new leg was obtained. 

The right hind leg, including all the bones and 
muscles below the knee joint, was transplanted from 
‘ies of fone albino rat to the back of another rat. Animals 
at amtrom eight days to three weeks old were used. The 
it this Esciatic nerve of the transplanted leg was united to the 
of the pateral branch of the sciatic nerve of the right hind 
- been mer of the host or animal receiving the new leg. June- 
whey ition of the nerves was made by first fraying the two 

Bends to be united and then making a side-by-side 
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uency 
ward The animal contributing its leg was parabiotically 
t 8 to fmunited to the rat which was to gain the new leg. This 
> fy. union was effected by making a partial amputation of 
the leg through the muscles above the knee joint, leav- 
thmie Ming the medial muscles and vessels undisturbed, thus 
age sufficient circulation to maintain the life of 
at orfm™mthe leg. The eut surface of the muscle tissue was 


fact Mm united to the soft tissues on the back of the host 
theu fe animals, and the two animals were kept united until 
the connective tissue and vascular union between the 
be 
ivity 


THE EXTRACTION OF LABILE BACTERIAL 


ANTIGEN BY DISRUPTION OF THE 
aths BACTERIAL CELLS AT LOW 
ves TEMPERATURE 


hat 
lult 
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ALTHOUGH a number of methods for disrupting bac- 
terial cells have appeared in the literature, there is at 
present only one known method which will effectively 
break up the cells of the hemolytic streptococci, with- 
out destroying labile components. This method, de- 
seribed by Chambers and Flosdorf,! utilizes sonic 
‘bration at ordinary temperatures. However, the 
‘onie vibrator is not generally available on account of 
its high cost. 

The growing interest in the labile antigens of bac- 
teria, liberated on disruption, has led to the publica- 


inl- 
in 
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he 
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‘A preliminary report. 
*A. Carrel, Jour. Am. Med. Asn., 51: 1662, 1908. 

E Leslie A. Chambers and Earl W. Flosdorf, Proce. Soc. 
"p. Biol. and Med., 34: 631-636, 1936. 
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leg and the back of its new host was well established. 
While the new circulatory connections were being 
made, the limb received its nutrition from its original 
owner by way of the medial half of the leg which had 
not been cut in the partial amputation. 

Development of an adequate nutritional relation- 
ship between the leg and its new host was tested by 
placing a ligature between the leg and its original 
owner. The leg was then carefully watched for signs 
of impaired blood supply. If it remained warm and 
the natural pink color persisted for several hours, a 
satisfactory vascular supply was indicated. The leg 
was then completely amputated from its original 
owner. This second operation merely involved ampu- 
tating the medial half of the leg. 

After several weeks, slight motion was apparent in 
the new leg which was massaged and exercised daily. 
There was a gradual increase in the muscular response 
until the leg was able to lift a ten gram weight over 
one centimeter. A muscle contraction is evoked in the 
new fifth leg by stimulation of the animal’s own right 
hind leg from which a branch of the sciatic nerve had 
been grafted to the nerve of the transplanted leg. 
Thus upon a stimulation of the rat’s right hind leg, 
the animal attempts to move this leg from the source 
of irritation, but since the nerve of this leg has been 
grafted to the nerve of the transplanted leg both legs 
respond. The extra leg also moves when the animal 
walks, and there is ability to flex the toes. 

In one of these animals, at the date of writing, it is 
three months since the first signs of movement in the 
transplanted leg were observed and there has been no 


loss of muscular activity. I. V. Scxwixp 


LOYOLA UNIVERSITY SCHOOL OF 
MEDICINE, CHICAGO 


iif SCIENTIFIC APPARATUS AND LABORATORY METHODS 


tion of the following method, which is simple and 
inexpensive. 

Bacteria are grown in mass culture, centrifuged at 
high speed and then dried in the lyophile apparatus 
of Flosdorf and Mudd.? The lyophile process consists 
of drying the bacteria in vacuo from the frozen state. 
The dried bacteria are taken from the lyophile appara- 
tus and placed directly into a mortar. Liquid air is 
then poured directly over the bacteria and allowed to 
evaporate. This cools the mortar. Another portion 
of liquid air is then poured over the bacteria, freezing 
them to a temperature of about —180° C. The bac- 
teria become very brittle and can be easily disrupted 
with a few turns of the pestle. Resistant bacteria, 
like the streptococcus, require two or three applica- 
tions of liquid air with subsequent grinding. About 


2 Earl W. Flosdorf and Stuart Mudd, Jour. Immunol., 
29: 389, 1935. 
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500 ce of liquid air are required to grind cne gram of 
streptococci. Approximately 85 per cent. of the bac- 
teria are broken up by this process. After the bacteria 
and the mortar come to a temperature above 0° C., 
water or saline can be added in sufficient quantity to 
dissolve the contents of the bacterial cells, and the few 
whole bacteria can be removed by means of a filter. 

It is to be noted that the bacteria are subjected to a 
freezing temperature during most of the process, thus 
preventing destruction of any labile material present. 
This method has been used in obtaining the extremely 
labile antigen of the hemolytic streptococcus by Mudd, 
Czarnetzky, Pettit and Lackman.* 

Wool, cotton, defibrinated silk, rubber and many 
other substances can be ground to a very fine powder 
by the use of this method. 

As the concentration of oxygen increases with the 
evaporation of nitrogen from the liquid air, it is very 
important to use only small quantities of material at a 
time, and to avoid the presence of fats or other easily 
oxidizable substances. It is not advisable to use liquid 
air without previous knowledge of its characteristics, 
as explosions can occur when care is not used. 

After completion of our experiments it was brought 
to our attention that Macfayden and Rowland‘ were 
able to disrupt the cells of the typhoid bacillus by 
grinding them in a conical mortar chilled by the use 
of liquid air externally. They used moist bacteria in 
the form of a paste, but were only able to disrupt about 
10 per cent. of the cells. Although their method was 
published in 1903, it seems to have been generally 
overlooked, as the interest in soluble bacterial antigens 
was not so intense at that time. 

E. J. CZARNETZKY 

UNIVERSITY OF PENNSYLVANIA 


SODIUM ETHYL XANTHATE AS A 
PLANT POISON 

Sopium ethyl xanthate, the sodium salt of ethyl 
xanthie acid, has a pronounced toxic effect on the 
aerial parts of herbaceous plants. Applications of the 
salt in water solution at the rate of one pound per 
square rod were found to be effective. Sodium ethyl 
xanthate is very soluble in water and does not have 
an appreciable corrosive effect on spray equipment. 
In all tests made so far there has been no indication 
that its use creates a fire hazard. 

The alkali metal ethyl xanthates are produced by 
the reaction of carbon bisulfide with a mixture of 
alcohol and caustic alkali. The reactions may be rep- 
resented by the following equations: 


3 Stuart Mudd, E. J. Czarnetzky, Horace Pettit and 
David Lackman, Jour. Bact., 31: 571, 1936. 

4 Allan Macfayden und Sydney Rowland, Centr. Bakt., 
Orig., 34: 765, 1903. 
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(1) 0,H,OH + NaOH ——> ©,H,ONa+ng 
(2) C.H,ONa + CS, > OC,H;CS.Na, 


Ethyl xanthates are unstable in water solytig, 
They hydrolyze autocatalytically to form Principally 
sulfides and thiocarbonates. It may be that thy 
decomposition products are the cause of the toxicity g 
sodium ethyl xanthate. While the xanthates of ot}, 
metals have not been investigated, they very likely yy 
also toxic to plants. 

The above results were obtained in cooperative jy, 
vestigations ‘vith the Division of Cereal Crops aj 
Diseases, U. S. Department of Agriculture. 


R. B. Harvey 

JOHN 

R. H. Lanpox 
UNIVERSITY OF MINNESOTA 


PHYSIOLOGICAL APPARATUS 


BEARING in mind the recent article by Marsh! q 
the continuous renewal of culture solutions, the writ 
rather questions the simplicity of construction an 
practicability of the apparatus. Conclusions fron 
laboratory experiments should be based upon results 
from a large number of cultures in a series whic 
have been maintained for a period of time to insur 
safe analyses. As I have previously pointed out! 
individual nutrient reservoirs are to be avoided, sine 
they cause a serious loss of time and labor when usel 
for complicated and extended investigations. Sw: 
ondly, open nutrient systems of the type cited ar 
hardly practical in most laboratories, due to contam: 
nation of the solutions by algae, ete. 

Ropert E. 

Parsons, W. VA. 


1R. P. Marsh, ScIENCE, 84: 163-164, 1936. 
2 Robert E. Wean, SCIENCE, 82: 336, 1935. 
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